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Abstract
Purpose-  This  study  aims  to  evaluate  the  role  of  social  media  (SM)  tools  in  the  polio
prevention in an Indian context, using a hybrid Delphi-DEMATEL approach. 
Design/methodology/approach-  A  preliminary  list  of  suitable  evaluation  criteria  was
derived from an extensive literature review. Ten experts were then contacted to collect data
and finalize the most prominent criteria using the  Delphi method. To establish  cause-effect
relationships among the  criteria,  further data were collected from twenty-one experts. The
decision-making trial and evaluation laboratory (DEMATEL) method was applied to process
and interpret the data collected.
Findings- The analysis grouped criteria into two sets, i.e. cause and effect. The results show
that awareness of social  cause and government utilization of resources fall  into the cause
group;  these  elements  are  critical  since both directly  affect  the  remaining  criteria.  These
outcomes can help government and businesses to utilize SM for public health surveillance,
e.g. to promote schemes/initiatives through sites concerning polio or related health issues.
Practical  implications-  The  findings  of  this  research  are  useful  for  governments  and
individual companies to conceive their marketing initiatives akin to polio prevention issues
using SM. 
Originality/value- Despite the emergence of SM, there has been little discussion in existing
literature on their role for polio prevention; however, measuring such role could be useful in
practice,  to help decision makers (DMs) exploiting  the potential  of SM in the healthcare
context. To fill this gap, this study aims to measure the role of SM in polio prevention in the
Indian context and to create a cause-effect evaluation model.  Using an integrated Delphi-
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DEMATEL framework for decision-making in the healthcare context is another novelty of
this study.
Keywords: Polio prevention; Social Media; Delphi method; DEMATEL method; Influential
Network Relationship Map.
1 Introduction
India faces  many problems such as polio control,  AIDS prevention,  girl  child  education,
malaria prevention and other profound issues that need to be solved as early as possible for
the growth and development of the country (Obregón & Waisbord, 2010; Mushtaq et al.,
2015). The government seeks to address these issues in individual states. The success and
future  of  the country  ultimately  depends on the combined and continuous growth of  the
states, with the growth of each state depending on the people living there. Polio is a social
issue that requires a periodic and proper awareness raising among the people (Mushtaq et al.,
2015). To eradicate polio worldwide under the Global Polio Eradication Initiative (GPEI),
significant  steps  have  been taken  by the  World  Health  Organization  (WHO) since  1988
(Mushtaq et  al.,  2015).  To make this  initiative successful,  a  number of governments  and
individual  companies  were involved (Obregón et  al.,  2009).  Through this  large initiative,
mass vaccination campaigns have been conducted with the result that only 1643 polio cases
were found in January 2009 against 350,000 in 1988. In the work of PP, this has proved to be
a historical initiative (Obregón et al., 2009). From January 1 to May 4, 2016, only 12 cases
were reported worldwide (Morales, 2016). 
Since 1995, Pulse Polio Immunization has been an active programme of the Ministry
of Health of India and associated partners. At that time, India had approximately 150,000
cases of polio (Chhabra, 2012). Great efforts and effective initiatives meant that by 2000,
India reached near polio eradication;  however,  this goal was jeopardised when 1600 new
cases were reported in 2002. The introduction of the largest public health initiative in the
world saw the number of new cases decreases rapidly over the following years. As India is a
highly populated and diversified country, in 2006 all the initiatives for polio control were
facing  the  key problem of  reaching populations;  it  was  then  that  UNICEF used a  social
mobilization network (SMNet) in India to address this (Coates et al., 2013). Due to the fast
internet penetration, social network users in India reached 216.5 million in 2016, and in 2018
it is estimated that there will be around 283 million, covering 21.83% of the population of the
country (Statista.com, 2017). 
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Nowadays, digital  media and communication technology play a significant  role in
addressing  major  public  health  and  development  issues.  There  is  currently  a  global
recognition  of  the  power  of  digital  media  in  transforming  various  sectors  of  society,
especially  public  health  delivery.  SM  in  particular  have  revolutionized  the  way  people
disclose their personal health concerns and express opinions on controversial public health
issues (Suggs & Ratzan, 2012) and have become a major platform for debates on science and
health without time and location constraints. SM are computer-mediated technologies that
enable the creation and sharing of information,  ideas,  career interests  and other forms of
expression via virtual communities and networks (Obar & Wildman, 2015). In India, 133.1
million mobile phone users accessed over-the-top messaging apps to communicate in 2016;
the  most  popular  social  network  were  YouTube  and  Facebook,  each  one  with  a  33%
penetration rate, which is increasing gradually (Statista.com, 2017).
Participation  and  engagement  are  indispensable  for  achieving  cost  effective  and
sustainable health goals. People are shifting themselves offline to online to get more and
quicker awareness about social issues through SM without worrying about time or location.
The unprecedented availability of digital devices and platforms has also prompted different
development institutions to design and implement a range of SM interventions for social and
behavioural  change  (Fayoyin,  2016).  There  is,  however,  little  discussion  available  about
measuring  the  role  of  SM in  polio  prevention,  although measuring  such role  could  help
designing  appropriate  communication  strategies  to  people  and  enhance  community
perceptions of immunization programs (Onnela et al. 2016). This motivates us to conduct this
study. 
This study begins with the identification of the most important criteria for the role of
SM in polio prevention; these criteria have been derived from the available literature and
substantiated  by  experts’  opinions  gathered  through  the  Delphi  technique.  However,
identifying important criteria does not complete our objective; we also aim to construct a
cause-effect evaluation model among the criteria. The DEMATEL method (Fontela & Gabus,
1972) is used to this end, in the light of its capability not only to determine the importance of
the  criteria  but  also  to  build  an Influential  Network Relation  Map (INRM) among these
criteria (Zolfani & Ghadikolaei, 2013). It is worth mentioning that this study does not make
direct use of SM data (e.g. data from Facebook or other social networks) to define the role of
SM  for  polio  prevention.  Rather,  to  make  the  analysis  more  objective,  such  role  was
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determined  by  directly  interviewing  experts  in  the  field  and  elaborating  the  information
collected using the Delphi and DEMATEL techniques.
This study consists of 6 sections.  Besides this  introduction,  an extensive literature
review is proposed in section 2.  In section 3, the methods utilized are explained. Section 4
presents  the  proposed  research  framework,  while  section  5  details  the  managerial
implications  of the study and recommendations. At last,  the conclusions  are explained in
section 6 of the study.
2 Literature review 
This section discusses the role of SM in polio prevention and presents application examples
where the researchers employed Delphi and DEMATEL in the healthcare context. From the
analysis of the literature, gaps and contributions of this study are elaborated. 
2.1 SM in polio prevention
Developments in digital media have produced substantial results in the role of SM globally
(Fayoyin, 2016). Due to a global recognition of the transformational power of digital media,
SM has been widely adopted by all sections of the population regardless of gender, education,
race, health status or health care access (Shaw & Johnson, 2011; Fisher & Clayton, 2012).
Additionally,  SM  has  provided  better  opportunities  for  the  users  to  open  channels  of
communication  and  has  created  the  content  value  chain  (Roblek  et  al.,  2013).From  a
systematic point of view, SM as an information channel, facilitates the interactions among the
components  of   each  system  in  order  to  make  communications  more  easily  and  create
common knowledge (Holten & Rosenkranz, 2011).
Now SM sites are increasingly being used by the public as a venue to express health
concerns and discuss public issues (Ziebland & Wyke, 2012; Suggs & Ratzan, 2012) and
have become indispensable for health literacy and an overall quest for improvement of health
outcomes (Shaw & Johnson, 2011). Sathyamala et al. (2005) explained that in the changing
global environment, GPEI must think again about the management of steps already taken and
try to give priorities to them. They must understand the challenges in the path to eradicate
polio  worldwide  and  try  to  understand  how  SM  can  play  a  significant  role  in  mass
communication (Lahariya,  2007). During the years from 2000 to 2007, great efforts were
made by India and Pakistan for polio eradication (Obregón et al., 2009). However, initiatives
taken  by  the  governments  of  both  countries  were  not  able  to  engage  with  the  entire
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population.  SM facilitated both countries to achieve their polio eradication objectives and
helped them to reach the entire population (Obregón et al., 2009). Chhabra (2012) discussed
the requirements for helping make India polio free, even with a rapidly increasing population,
poor infrastructure and other challenges.
Yadav & Srivastava (2015) determined that awareness campaigns play an important
role in the eradication of polio and proved that extensive awareness about the preventive
nature of the polio drops could lead to a “Polio Free India”. Mushtaq et al. (2015) discussed
how  the  GPEI  in  Pakistan  faced  several  problems  and  eventually  failed  despite  being
implemented  successfully,  in part  because of the travel  of pilgrims to  and from different
places.  Rubin  &  Landsman  (2016) explained  the  importance  of  social  networking  in  a
national  polio vaccine campaign when describing their  experiences of answering vaccine-
related questions. In the same year,  Orr et al. (2016) argued how SM became an important
platform for discussions related to public health issues and explained how people accessed
knowledge about health related problems through SM such as Facebook, blogs, Twitter etc.
Overall,  SM is currently an accepted  platform for sharing  health  related  information  and
discussing public issues (e.g. Fayoyin, 2016; Siddique et al., 2016; Morales, 2016; Cochi et
al., 2016; Fayoyin, 2016; Onnela et al., 2016).
2.2 Delphi and DEMATEL applications in the healthcare context
To  handle  various  criteria  for  possible  selection  of  the  best  alternative(s),  multi  criteria
decision-making (MCDM) methods are widely employed (e.g. Tzeng & Shen, 2017; Chen et
al., 2017b; Wu et al., 2017; Govindan & Chaudhuri, 2016; Tseng et al., 2016; Tseng et al.,
2015; Wu et al., 2016; Lu et al., 2015; Chang et al., 2015; Kaviani et al., 2014; Tzeng &
Huang, 2011). Because of their inherent capabilities and potential, these methods are gaining
importance for analysing complex real problems (Chen et al., 2017c; Wu et al., 2017; Tseng
et al., 2016; Wu et al., 2016; Chang et al., 2015; Tzeng & Huang, 2011).
DEMATEL is a mathematical multi-criteria method that is effective when analyzing
the relationships between a set of elements in a system and trying to identify cause and effect
relationships. Such relationships can also be converted into a visual structural model (Wu,
2008). Combined with Delphi,  DEMATEL is widely used in literature in different fields,
including technology selection (Shen et al., 2011), logistics systems (Tzeng & Huang, 2012;
Govindan & Chaudhuri, 2016), green supply chain management (Tseng et al., 2016; Wu et
al., 2016), online reputation management (Kumar & Dash, 2017).
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Table  1 summarises the studies that applied  Delphi or DEMATEL in the healthcare
context.  From this  table,  it  is  easy  to  see  that  both  techniques  have  been  used  to  solve
different  kinds  of  healthcare  problem.  Also,  these  techniques  have  been  either  used
individually (Chen et al., 2017b; Jordans et al., 2016; Fletcher & Marchildon, 2014; Shieh et
al.,  2010; O’boyle et  al.,  2002) or integrated with other  MCDM approaches (Ortíz et al.,
2015, 2016; Liu et al., 2015; Van Amsterdam et al., 2004; Tsai et al., 2010; Herat et al., 2012;
Lu et al., 2013). 
Insert Table 1 Here
2.3 Gaps and contributions of this study
The  literature  review  proposed  above  clearly  shows  that  SM  are  an  important  tool  in
healthcare context and have received much attention by the researchers. However, although
some works also targeted the Indian context, there is a lack of structured studies about the
role  of SM for  polio prevention  in  India.  Therefore,  this  study aims  to  contribute  to  the
existing knowledge by providing research outcomes that will be helpful to the public health
DMs to make effective decisions to prevent outbreak or diseases in India. 
From a  methodological  point  of  view,  in  this  study we do not  apply  data-driven
decision  making  approaches,  particularly  SM  analytics  techniques,  since  these  kinds  of
methods have several drawbacks. Technically speaking, SM analytics tools are expensive to
utilize (Batrinca & Treleaven, 2015), highly complex (Stieglitz et al., 2018) and inherently
dynamic (Zeng et al., 2010). The mentioned methods are also face some challenges including
volume,  velocity,  variety  and  veracity  of  data  (Stieglitz  et  al.,  2018).  These  limitations
motivated us to select model-based decision making techniques (i.e. DEMATEL method),
instead, and define the under studied problem as a MCDM problem.
Delphi and DEMATEL approaches are variously applied in many different studies
and both are well-known techniques.  However,  to the best of our knowledge, there is no
study in which Delphi and DEMATEL methods are applied jointly to evaluate the role of SM
in polio prevention. More precisely, there is no available research where a Delphi method is
used to capture information to finalize the role of SM in this context. Similarly, DEMATEL
has never been applied by researchers to establish the importance of the criteria and construct
the  INRM among  criteria  for  SM evaluation  (Wu,  2008;  Shieh  et  al.,  2010).  Therefore,
although  the  novelty  of  this  paper  is  mainly  in  its  practical  results,  some  scientific
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contributions can also be found. From a scientific perspective, the study will establish inter-
relationships  among the criteria  and develop a cause-effect  model  (i.e.  the INRM model)
based on the role of SM in polio prevention. 
3 Material and methods
A brief description of the methods used in this study, i.e. Delphi and DEMATEL, is provided
in the sub-sections that follow. 
3.1 Delphi method
In healthcare-related problems, it is a difficult  task to select any particular criterion when
many options are available. This selection process involves not only the identification but
also the evaluation of different alternatives. Hence, an effective approach to evaluating these
options  must be adopted (Chen et  al.,  2008).  There are  a number of qualitative  methods
available  in  the  literature;  however,  the  Delphi  technique,  developed  by  the  Rand
Corporation, is one of the most widely used methods. Such an approach merges the opinions
of all the experts and tries to reach consensus among the people involved (Chen et al., 2008;
Kumar et al., 2017). In the Delphi method, the group decisions are recorded and different
from traditional methods in terms of the feedback; the stability of the replies and the feedback
system are common problems faced by all researchers (Van Zolingen & Klaassen, 2003).
3.2 DEMATEL
The DEMATEL method was originally developed by  Fontela & Gabus (1972) as a tool to
study and resolve complicated problems. This analytical method makes use of matrixes and
related mathematical theories to calculate the cause and effect relationships between each
element of a problem (Zolfani & Ghadikolaei,  2013). Therefore, DEMATEL is a suitable
technique to examine inter-relationships among the criteria (Wu, 2008). This also adds to the
detection of solutions through which the inter-dependence between the elements is  found
using the  causal  diagram.  As  such,  integrating  Delphi  and DEMATEL can be a  reliable
approach,  as  it  takes  in  account  both qualitative  and quantitative  aspects  of  the  problem
(Shieh et al., 2010, Shen et al., 2011).
The DEMATEL technique consists of several  mathematical  steps explained below
(Wu, 2008):
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Step 1: According to the literature (Wu, 2008; Shieh et al., 2010, Shen et al., 2011), a scale
from 0 to 4 (0=no influence and 4=very high influence) is used for DEMATEL method and
experts are asked to evaluate the relationships among the n criteria (i , j=1 ,…n). The average
of these experts’ opinions is calculated using Eq.1:
A=[aij ]=¿
1
1 p k
ij
Kp x  i , j=1 ,…n              (1)
Where p is number of experts.
Step 2: The matrix normalization is obtained applying Eqs.2-3:
D=m× A  (2)
Where
1 1
1 1min ,
max max
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i ij j ij
i j
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Step 3: Calculate the total relation matrix. Eqs.4-5 can be utilized to this end. 
T= lim
m→ ∞
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D
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                                                                                                        (4)
Where 1
i
m
D



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                        ¿ D(I−D)−1( I−D)(I+D1+D2 …+Dm−1)
                        ¿ D( I−D)−1(1−D)m
Therefore, T=D( I−D)−1                (5)
Define r as n ×1 and c as 1 ×n vectors representing the summation of rows and columns of
the total relation matrix, respectively; these are obtained by Eqs.6-7 as below:
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Step 4: In order to obtain the digraph and to eliminate minor effects, the threshold value (α)
is calculated using Eq.8. 
1 1
n n
ij
i j
N
t
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 
 


                                                                                                                      (8)
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Where  N  represents all elements in matrix  T  describing how one factor affects the others.
The value greater  than the threshold value is  taken into consideration and plotted on the
digraph. 
4 Research framework of the study
The research framework of this study consists of two main phases (Figure 1). First, we utilize
the  Delphi  method to select  the  most  appropriate  criteria  collected  from the investigated
literature.  In  the  second  phase,  we  create  the  cause  and  effect  diagram  to  evaluate  the
interactions among the gathered criteria applying DEMATEL approach. 
Insert Figure 1 Here
4.1 Phase I: finalizing criteria for evaluation
An initial  set  of  suitable  criteria  for  evaluating  the  role  of  SM in  polio  prevention  was
identified through an extensive literature review as depicted in Table 2.
Insert Table 2 Here
Following a rigorous process, the Delphi method has been applied to the preliminary
list of criteria to identify the most relevant ones. A questionnaire, shown in appendix (Table
A1), was  designed  to  collect  the  experts’  opinions  about  the  relevance  of  the  criteria.
Snowball  sampling  with  a  scale  from  1  to  5  (5=extremely  important,  1=extremely
unimportant) was used to this end. Group size affects the efficiency of group decision-making
(Anderson et  al.  2001); an  acceptable  size  is  between 5 and 20 experts  (Gumus,  2009).
Hence, five experts who have worked in polio prevention for the last six to ten years were
involved in the evaluation. 
The  threshold  value  for  filtering  also  affects  the  number  of  criteria  perceived  as
relevant: a higher threshold filters out more criteria and hence affects the research. In this
study, a threshold value of 3.5 has been set to identify the prominent criteria. Results of the
Delphi (Table 3) show that the importance values of criteria fall in the range of 3.20 and 4.83;
therefore, two criteria - social marketing and risk involved - were removed from the original
list because of their low values. 
Insert Table 3 Here
A brief description of the final selected criteria is provided in the sub-sections below.
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4.1.1 Awareness about Social Cause (C1)
Awareness is the ability to know, feel or become conscious of any issue or particular matter;
such ability directly influences a DM (Bonu et al., 2003; Chen et al., 2017a). Polio prevention
awareness is a type of motivation for collecting and analysing the data interpreted from SM
to raise the understanding of people living in a society. For instance, the key social factors
affecting  the  vaccination  campaigns  are  the  level  of  awareness  and the  degree  of  social
responsibility (Mushtaq et al., 2015). Communication through SM is an effective factor in
creating awareness (Obregón & Waisbord, 2010). The GPEI through social networking sites
has been part of the global effort to eradicate polio; this was taken up on a massive scale
(Obregón & Waisbord, 2010).
4.1.2 Trust of People (C2)
Trust is a state of confidence in the integrity and honesty of a person, service or thing and
plays an essential role in building the relationship between two parties (Mahra & Mondal,
2015). In polio prevention, trust is a main element for the success of spreading information
about social initiatives or campaigns (Hussain et al., 2012). Trust could be provided to people
by SM (Gilbert & Karahalios, 2009).
4.1.3 Resource Utilization (C3)
Resource  utilization  talks  about  the  proper  usability  of  the  resources  available  for  the
completion  of  a  task  and helps  assess  whether  resources  are  utilized  in  an efficient  and
effective way (Ziebland & Wyke, 2012). By considering this factor, the amount of resources
needed in a particular place can also be determined;  this can help the volunteers allocate
further  resources  accordingly.  The  effective  use  of  SM is  a  critical  component  of  polio
prevention, as it allows reaching people using cost-efficient ways for the promotion of social
campaigns and ensure proper utilization of the available resources (Story, 2014). 
4.1.4 Speedy Promotion (C4)
Speedy promotion is the practice of promoting any social or general issue to more and more
people in less time (Siddique et al., 2016). If any initiative is undertaken by the government
to control polio and to make people aware, extensive information of that initiative must reach
people in short time, so that they can enjoy the benefits. Through SM, any message can be
spread very fast, on time and at low cost. 
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4.1.5 Effectiveness (C5)
Effectiveness  is  the  degree  to  which  something  produces  the  desired  result  successfully
(Bonu et al., 2003; Li et al., 2015). It is essential to check whether a polio control initiative is
effective in nature or if it  has achieved the desired objectives.  The ultimate aim of polio
control initiatives is obviously to eradicate the disease (Bonu et al., 2003); their effectiveness
can be  determined,  for  instance,  by evaluating  whether  a  promotion  on SM has  reached
people at the right time (or not) and also whether people are actually aware of the initiative
(or not). 
4.1.6 Coverage Gain (C6)
Coverage  gain  involves  serving,  reaching  or  acquiring  more  and  more  areas  and
accomplishing  the  desired  objective  accordingly.  Polio  is  a  dangerous  issue  and  the
poliovirus is spreading in many areas: therefore, it is essential to make information available
in such a way as to ensure that more and more places are covered. SM platforms allows
achieving the maximum coverage gain on average (Li & Li, 2010).
4.1.7 Electronic Word-of-Mouth (C7)
Electronic  word-of-mouth  (E-WOM) is  a  way  of  promoting  a  social  issue  through  SM.
Considering this fact that E-WOM has overcame the limitations of traditional WOM (Arenas-
Gaitan et al., 2013), E-WOM can be an effective way to promote initiatives against polio. In
fact, the promotion of any initiative or social issue can be enhanced in the form of videos,
live ads or people directly promoting the issue in front of you. It is a very effective and
important resource for any promotion, and can influence the perception of an individual in a
short period of time (Luo & Zhong, 2015; Arenas-Gaitan et al., 2013). 
4.2 Phase II: Constructing and analysing the interaction among the criteria
A second questionnaire, shown in Appendix (Table A2), was developed including the seven
criteria resulting from the preliminary screening phase. Following the guidelines of Anderson
et al. (2001) and Gumus (2009) about the size of the experts group, twenty-one experts were
contacted and involved in the application of the DEMATEL method. Out of these experts,
eleven were working in organizations  (either  government  departments  or non-government
organizations) whose aim is to eradicate polio from their country. A minimum of six years
relevant experience with at least a graduate qualification defines these experts. Also, ten were
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family members who have babies ranging from two to five years. The minimum considered
criteria for them were:
 to be regular, active users of the internet;
 to have accounts at least on two social networks;
 to have accessed their accounts regularly in the last 3-4 years.
Since we got 7 final criteria, the data related to each expert’s opinion was gained in
the form of a 7×7 matrix using the DEMATEL questionnaire. Data has been collected using
again the snowball sampling method from all twenty-one experts; the results are shown in the
7 7 non-negative matrices proposed below. The computational procedure of DEMATEL (see
section 3.2) was used to elaborate the experts’ opinions. 
1 2 3
0 4 1 3 3 2 3 0 2 3 2 3 2 1 0 2 3 2 3 3 2
3 0 2 2 4 2 4 4 0 4 2 1 2 2 2 0 2 2 1 3 3
2 3 0 2 1 2 2 2 1 0 3 3 2 4 3 2 0 2 2 2 3
3 1 4 0 2 3 3 , 1 3 2 0 3 4 1 , 4 2 2 0 3 4 2
3 3 3 3 0 4 2 3 3 4 3 0 3 1 3 3 3 2 0 1 1
4 4 3 2 3 0 2 2 2 3 2 1 0 2 2 4 1 3 1 0
2 3 2 1 4 2 0 0 1 2 1 1 2 0 3 1 3 4 3 2
E E E
   
   
   
   
        
   
   
   
      
3
0
 
 
 
 
 
 
 
 
 
  
4 5 6
0 2 3 2 4 3 2 0 2 2 2 1 3 3 0 2 3 3 2 4 4
2 0 2 3 2 2 3 3 0 3 3 2 3 2 1 0 1 3 3 3 3
2 3 0 2 2 1 2 3 2 0 2 3 2 4 3 2 0 2 3 3 3
1 2 2 0 3 3 1 , 2 3 2 0 2 2 3 , 2 3 2 0 2 2 2
2 4 3 2 0 2 2 3 3 3 2 0 3 2 2 2 3 2 0 3 4
3 1 2 2 2 0 2 2 2 3 2 2 0 4 1 3 2 2 2 0
3 2 2 1 1 1 0 2 3 2 3 3 2 0 3 2 3 2 3 2
E E E
   
   
   
   
        
   
   
   
      
3
0
 
 
 
 
 
 
 
 
 
  
7 21
0 2 3 2 2 3 3 0 2 1 2 2 3 3
3 0 3 3 3 3 3 1 0 2 2 3 4 2
2 2 0 2 2 2 2 4 3 0 2 2 2 3
2 3 3 0 3 3 3 , , 2 3 3 0 3 3 2
4 3 3 3 0 2 2 2 4 2 2 0 2 2
2 2 4 4 3 0 2 2 2 2 2 2 0 3
3 4 1 2 2 3 0 3 3 3 1 2 2 0
E E E
     
     
     
     
            
     
     
     
          

Step 1: The average matrix A can be constructed based on Eq.1 and is shown in Table 4.
Step 2: The normalized matrix is calculated applying Eqs.2-3, with results provided below:
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D=[
0.0000 0.1782 0.1550 0.1782 0.1472 0.1860 0.1550
0.2070 0.0000 0.1085 0.1628 0.1240 0.1240 0.1395
0.1860 0.1628 0.0000 0.1395 0.1705 0.1395 0.1473
0.1395 0.1240 0.1550 0.0000 0.1318 0.1163 0.1783
0.1395 0.1550 0.1240 0.1550 0.0000 0.1395 0.1628
0.1085 0.1162 0.1705 0.1628 0.1860 0.0000 0.1473
0.1628 0.1550 0.1085 0.1705 0.1240 0.1860 0.0000
]
Since the sum of each column of the normalized initial direct-relation matrix in D is
less than one, the feasibility solution exists and supports the applicability of DEMATEL in
the analysis (Lee et al., 2013).
Step 3: The total impacting matrix is computed as T=D( I−D)−1as follow:
¿¿
The total of both the rows and the columns of matrix T are calculated by Eqs.6-7, with
results shown again in Table 4 as bellow.
Insert Table 4 Here
Step 4: Using the outcomes obtained previously, the threshold was derived using Eq.8:
1 1 67.201 1.371
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

  
According to the procedure described in section 3.2, only those values greater than the
threshold α were retained and used to develop the INRM. For the sake of clarity, these values
have been marked with (*) in matrixT . The resulting INRM is depicted in Fig.2.
Insert Figure 2 Here
In Fig.2, black arrows indicate the direction of cause-effect and blue arrows denote
the criteria location according to values of (r+c) and (r-c) as coordinate (r+c, r-c). Based on
Table 4, awareness about social cause (C1) is the most important evaluation criterion with the
highest  r+c value (20.459),  whereas  effectiveness of initiative  (C5)  is  the least  important
criterion with a (r+c) value of 18.675. Based on (r+c), the importance of the seven criteria
can  be  prioritized  as  C1>C7>C4>C6>C2>C3>C5.  Conversely,  based  on  r-c,  criteria  can  be
divided into two groups,  i.e. (i)  causes and (ii)  effects.  The cause group includes  all  the
criteria  with  positive  r-c values,  which  directly  affect  the  others.  Effect  groups  instead
include  all  the  criteria  with  negative  r-c values,  which  are  directly  affected  by  others.
Awareness about social cause (C1) and utilization of resources (C3) are net causes with  r-c
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values of 0.4354 and 1.1646 respectively. By observing Fig.2, these two criteria might be
considered  as  the most  critical  ones,  since they both affect  the remaining ones.  Trust  of
people  (C2),  speedy  promotion  of  initiatives  (C4),  effectiveness  of  the  initiatives  (C5),
coverage gain (C6) and E-WOM (C7) are effects with r-c values of -0.0949, -1.1522, -0.0598,
-0.0471  and  -0.2459  respectively.  Because  of  the  high  r-c values,  speedy  promotion  of
initiatives (C4) turns out to be the most affected criterion, while coverage gain (C6) is the least
affected one. 
5 Theoretical and practical implications
Today, health  is  a main concern for everyone and SM websites are increasingly used by
people as a venue to express health concerns and discuss public health issues. The trust of
people on SM is increasing, with high participation in online health communities. SM can
influence the perception of people in society or the general mind set about various social
issues. The government and leading partners are keen to ensure that whatever initiatives have
been (or are going to be) taken by them should reach each and every person, to ensure that
the ultimate  objective  of  the initiative  will  be achieved.  In this  work,  we have extended
findings about the role of SM in health related issues by investigating their  role in polio
prevention.
This  study  contributes  to  the  body  of  literature  in  both  theoretical  and  practical
aspects. From a theoretical perspective, the study has established inter-relationships among
the  criteria  and  has  developed  a  cause-effect  model  based  on  the  role  of  SM  in  polio
prevention. Moreover, as information related to polio prevention becomes ubiquitous in SM,
the success of targeting this valuable source of information at the general population will
depend on how SM platforms are used to create awareness and to reach all communities. The
results of this study could help DMs in making effective decisions for the public health and
preventing outbreak and diseases in India. Hence, from a practical perspective, these results
can help governments and individual companies to devise their marketing initiatives related
to polio related issues through SM. The findings show that two criteria  (awareness about
social cause and utilization of resources) are in net causes and affect the remaining criteria
directly.  Awareness  about  social  cause  is  also  the  most  important  criterion,  while  the
importance  of  government  utilization  of  resources  ranks  sixth.  Governments  and leading
partners should focus on these two cause criteria  and decide how they can utilize SM to
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create  proper  awareness  about  any  polio  related  issues  among  the  people.  Utilization  of
resources is a key criterion since it is not only a cause but also is affected by other criteria. 
E-WOM,  trust  of  people,  speedy  promotion  of  initiatives,  effectiveness  of  social
initiatives and coverage gain are also in the effect group and can be controlled with the help
of other considered factors. E-WOM is the second most important criterion: this can act as a
control if the government and social organizations control the other factors. The third most
important criterion is speedy promotion of initiatives, which means that SM can be a platform
to create awareness about any social issue. 
Overall,  the study can help the government and individual companies to set up an
effective  strategy  and  achieve  maximum  utilization  of  the  existing  resources.  This  can
increase the promotion of social causes for more of society and lead to greater benefits and
increased  welfare  of  the  society.  Sometimes  social  factors  such  as  culture,  governance,
religious  factors  etc.  can  create  problems  for  government  and  individual  companies;  the
outcomes  of  this  study could  help  organisations  to  use  SM platforms  to overcome these
obstacles. 
6 Concluding remarks
In transforming various sectors of society, especially public health delivery, we cannot ignore
the power of SM. Because of advances in digital technology, nowadays SM have become a
major platform for debates on science and health. Without time and location constraints, they
provide a unique platform for sharing health-related information. About the role of SM in
polio prevention, there is little discussion in the literature; however, knowing such role could
help  DMs  in  the  healthcare  context  designing  effective  communication  strategies  and
enhance community perceptions of immunization programs. 
Moving from this consideration, this study has proposed a two-phase decision-making
framework for measuring the role of SM in polio prevention in India. In the initial phase, a
preliminary set of evaluation criteria for the role of SM in polio prevention was derived from
an extensive literature  review. To finalize the criteria,  the Delphi  method was employed.
Once  the  final  set  of  criteria  was  identified,  the  second  phase  of  the  approach  was  the
application of the DEMATEL method to develop a cause-effect model. Traditional multi-
criteria  techniques  rely  on  the  assumption  that  the  criteria  are  mutually  independent.
Conversely, the DEMATEL method does not require such assumption and allows to build an
INRM model with cause-effect relationships among the criteria. The feasibility of solutions
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has been checked using the criteria given by Lee et al. (2013) which supports the applicability
of  the  DEMATEL  method.  The  analysis  shows  that  awareness  about  social  cause  and
government  utilization  of  resources  are  in  cause  group,  while  trust  of  people,  speedy
promotion of initiatives,  effectiveness of the initiatives,  coverage gain and E-WOM all  in
effect group. Awareness about social cause and government utilization of resources are the
two  criteria  that  appear  as  particularly  critical,  as  they  affect  the  remaining  ones.  The
outcomes of this study can help both governments and non-governmental organizations by
suggesting how to use SM for polio prevention and, more in general, for dealing with any
health issue. 
This study has some limitations. Although the proposed criteria for measuring the role
of SM in polio prevention were identified through an extensive literature review, countries
different from India could require different or additional criteria; these situations needs to be
evaluated in future studies. Moreover, for finalizing the criteria, the Delphi method was used;
however,  to  capture  the vagueness  of  information,  future  research could  also incorporate
fuzzy sets theory. To be more precise, fuzzy DEMATEL or other fuzzy MCDM methods
could be used to highlight the cause-effect relationships among the criteria. 
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TABLES
Table 1. Applications of Delphi and DEMATEL approaches in healthcare problems
Author(s) Applied method Studied problem
Chen et al. (2017b) Delphi Congenital heart disease transitioning intoadulthood
Michalowsky et al. (2017) DelpHi-trial Healthcare utilization and costs in primarycare patients with dementia
Ortíz et al. (2016) DEMATEL-AHP Selection of allied hospitals in outpatientservice
Jordans et al. (2016) Delphi Routine monitoring of effective mentalhealthcare coverage
Ortíz et al. (2015) DEMATEL-ANP Six sigma project selection: in healthcareindustry
Liu et al. (2015)
2-tuple DEMATEL
technique and fuzzy
MULTIMOORA method
Health-care waste treatment technologies
evaluation
Dimitrow et al. (2014) Delphi Assessing risks for drug-related problems
Fletcher and Marchildon,
(2014) Modified Delphi
Participatory Action Research project on
health leadership 
Lu et al. (2013) DEMATEL-based ANP andVIKOR
Radio frequency identification adoption in
healthcare industry
Herat et al. (2012) DEMATEL- ANP EFQM implementation in health sector
Tsai et al. (2010) Delphi-Fuzzy AHP Hospital organization performanceassessment
Shieh et al. (2010) DEMATEL Medical care service quality evaluation
Ahsan and Bartlema (2004) Delphi-AHP Monitoring healthcare performance
Van Amsterdam et al. (2004) Delphi-ELECTRE Evaluation the adverse effects of illicit drugs
O'boyle et al. (2002) Delphi Infection prevention and control 
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Table 2. Original list of criteria and previous studies
Criteria Support references
Awareness about Social Cause
(C1)
Bonu et al. (2003); Paul (2009);  Obregón & Waisbord (2010);  Dalhatu et
al.  (2015);  Yadav  & Srivastava  (2015);  Dixon  (2016);  Fayoyin  (2016);
Siddique et al. (2016); Rubin & Landsman (2016); Chen et al. (2017a)
Trust of People (C2)
Gefen (2000);  Hussain et al. (2012); Bianco  et al. (2013);  Mushtaq et al.
(2015); Mahra & Mondal (2015); Chen et al. (2017a)
Resource Utilization (C3)
Li  & Li  (2010);  Ziebland  & Wyke,  (2012);  Kandhway  & Kuri  (2014);
Story (2014); Fayoyin (2016)
Speedy Promotion of 
Initiatives (C4)
Yadav & Srivastava (2015);  Dixon (2016);  Siddique et al.  (2016); Kumar
and Dash (2017)
Effectiveness of Social 
Initiatives (C5)
Hari & Rajan (2011); Ziebland & Wyke,  (2012); Bianco et al. (2013); Li et
al. (2015); Rubin & Landsman (2016)
Coverage Gain (C6)
Li and Li (2010);  Hari  & Rajan (2011);  Kandhway & Kuri (2014); Story
(2014); Fayoyin (2016)
Electronic-WOM (C7)
Zhang et al. (2010); Cheung & Lee (2012); Luo & Zhong (2015); Siddique
et al. (2016)
Risk Involved (C8)
Aula  (2010);  Bianco  et  al.  (2013);  Yadav  & Srivastava  (2015);  Dixon
(2016); Fayoyin (2016); Siddique et al. (2016); Kumar and Dash (2017)
Social Marketing (C9)
Ziebland  & Wyke,  (2012);  Hussain  et  al.  (2012); Bianco  et  al.  (2013);
Kumar and Dash (2017)
Table 3. The evaluated criteria
Criteria Importance Result
C1 3.92
C2 4.24
C3 4.55
C4 4.67
C5 4.78
C6 4.83
C7 4.32
C8 3.23 Rejected
C9 3.20 Rejected
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Table 4. Average matrix and criteria ranking
Average matrix Ranks and impacts
Strategic
Decisions C1  C2  C3  C4 C5  C6  C7 ir jc i jr c Rank i jr c Impact
C1 0.0 2.9 2.5 2.9 2.4 3.0 2.5 10.451 10.012 20.459 1 0.435 Cause
C2 3.5 0.0 1.8 2.6 2.0 2.0 2.3 09.366 09.461 18.826 5 -0.094 Effect
C3 3.0 2.6 0.0 2.3 2.8 2.3 2.4 09.995 08.830 18.825 6 1.165 Cause
C4 2.3 2.0 2.5 0.0 2.1 1.9 2.9 09.049 10.201 19.251 3 -1.152 Effect
C5 2.3 2.5 2.0 2.5 0.0 2.3 2.6 09.308 09.368 18.675 7 -0.059 Effect
C6 1.8 1.9 2.8 2.6 3.0 0.0 2.4 09.437 09.484 18.922 4 -0.047 Effect
C7 2.6 2.5 1.8 2.8 2.0 3.0 0.0 09.598 09.844 19.442 2 -0.246 Effect
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Extensive literature review 
Finalizing evaluation criteria 
Gathering experts’ data to calculate the 
average matrix 
Calculate the normalized initial relation 
Matrix (D)
Delphi method 
Feasibility of DEMATEL, then
Phase II
Calculate total relationship matrix
Phase I
Calculate sums of rows/columns of matrix 
Set the threshold value 
Constructing and analysing the cause and 
effect diagram
FIGURES
Fig.1. Proposed research framework 
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C2
C7
C4
C6
C5
C3
C1
Fig.2. Causal-Effect Evaluation Model 
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Appendix: 
Table A1: DELPHI Questionnaire 
Please respond to the questionnaire about the importance of dimensions related to measuring the role of social media in polio prevention on the
basis of the following scale: 5 = extremely important, 4 = important, 3 = normal, 2 = unimportant, 1 = extremely unimportant.
Dimensions Response
Awareness about Social Cause 
Trust of People 
Resources Utilization 
Speedy Promotion 
Effectiveness 
Coverage Gain 
Electronic Word-of-Mouth 
Risk Involved
Social Marketing
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Table A2: DEMATEL Questionnaire 
Questionnaire is planned to measure the relation among the dimensions on the basis of the following scale: Very high influence = 4, High
influence = 3, Low influence = 2, Very low influence = 1, No influence = 0
       Please tick (√) in appropriate box
With respect to: The
Overall Goal Compare the influence of one main attribute over another
Main attributes
Effect
Main attributes
A
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4 3 2 1 0 4 3 2 1 0 4 3 2 1 0 4 3 2 1 0 4 3 2 1 0 4 3 2 1 0 4 3 2 1 0
Awareness & Social Cause 0
Trust of People 0
Resources Utilization 0
Speedy Promotion 0
Effectiveness 0
Coverage Gain 0
Electronic Word-of-Mouth 0
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